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A Primer on Wholesale Market Design

Market Oversight Division Staff Report
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This white paper is a primer on wholesale market design and provides background for the open
meeting workshop scheduled by the Public Utility Commission of Texas for November 1, 2002.
The paper isdivided into Sx sections.

Reasons for this rulemaking;

Mesasures of an efficient, sustainable market;

Architecture of power markets;

Elements of a power market;

Basic economics of congestion management and day- ahead markets; and

o 0 A w NP

Descriptions of wholesde eectric markets around the world.

Reasonsfor this Rulemaking

The Commission opened Project 26376, Rulemaking Proceeding on Wholesale Market Design
Issuesin the Electric Reliability Council of Texas, for the following reasons:

Systematic review

The god of thisrulemaking isto undertake a sysemétic review of key dements of the ERCOT
wholesale market structure. From 1999 to 2001, ERCOT stakeholders developed, and the
Commission gpproved, awholesale market with a zond congestion management system that
relied on market participants using bilateral forward contracts exclusvely, with the system
operator running aminima red-time (RT) baancing market. This gpproach differsfrom
established wholesale markets in the Northeast such as Pennsylvania-New Jersey-Maryland
(PIM), New Y ork and New England and from the standard market design (SMD) proposed by
the Federa Energy Regulaiory Commission (FERC). Each of these other markets use a nodal
congestion management system and an RTO-administered day-ahead energy market. A number
of market participants, particularly those who do business outside of Texas, have expressed an
interest in developing awholesale market in ERCOT that is comparable to other wholesde
markets in the United States.



Continuity and change

Since the approva of the ERCOT protocolsin June 2001, ERCOT stakeholders have been
addressing key market design issues on an ad hoc basis. Some efforts are aresponse to the
Commission’s Order on Rehearing in Docket No. 23220, Petition of the Electric Reliability
Council of Texas for Approval of the ERCOT Protocols, while others are stakeholder-driven
proposals. This piecemeal approach has led to stakeholder frustration and some uncertainty asto
where the wholesale market design is headed.

A number of stakeholders have expressed to Market Oversight Divison (MOD) that while some
change may be inevitable, that they see no need for an immediate, radical change to a market that
isfunctioning. Stakeholders need time to renegotiate the market structure. ERCOT and market
participants need to test software and telecommunication systems thoroughly. This rulemaking,
which is dated to be athree-year, systematic gpproach to market redesign, will provide a
predictable and coherent path to aredesigned market, giving market participants time to respond
and adjust their commercid contracts to any significant changes in market structure.

Address outstanding local congestion and locational pricing issues

In Docket No. 23220, the Commission ordered that the current zonal mode include direct
assignment of local congestion costs to avoid profiteering through decrementd bidding, also
known as the DEC game AsMOD has stated in comments previoudly filed in this project, such
aproposa aso would provide more accurate locational marginal pricing within the current zond
framework.? Most market participants have opposed MOD's proposal, which essentially adds
nodal pricesto the current congestion management scheme in ERCOT when needed. Some
market participants believe that the problems that MOD has raised are not sgnificant and do not
require a change in the congestion management system beyond the reduction of out-of-merit
energy (OOME) and out- of-merit capacity (OOMC) reimbursement, a change that was
implemented on July 31, 2002. Other market participants want to address the DEC game and
locationd pricing issues by implementing anoda congestion management system rather than
usng MOD’ s proposal.

Consider an ERCOT-administered day-ahead energy market

ERCOT isthe only successfully deregulated wholesale market in the United States thet relies
soley on bilatera forward contracting among market participants. A number of market
participants have expressed their frustration at lack of access to the energy market. According to
them, the current reliance on bilaterd marketsisinsufficient for their business needs, and a DA

! The DEC game occurs when (1) amarket participant submits schedules in forward markets that if
followed would create local congestion, (2) the market participant is paid in the real-time market to “solve” the
anticipated congestion by generating less than what was scheduled, and (3) the cost of these local congestion
payments are uplifted to load. If participants are not charged for creating congestion when they schedule too much
flow over aconstrained local line, then they have an incentive in the real-time market to collect paymentsto
alleviate thislocal congestion by decrementing their flows on this congested local line. The DEC game can be
prevented by making market participants pay congestion fees for use of the congested local line.

2 Project No. 26376, Rulemaking Proceeding on Wholesale Market Design Issuesin the Electric Reliability
Council of Texas “Initia Comments by the Market Oversight Division,” September 6, 2002.



energy market based on centrdized exchange — with athird party intermediary for dl trades—
would make them more competitive and profitable. ERCOT isingituting a relaxed baanced
schedule, which would dlow for more trading in the redl-time market for balancing energy. This
rulemaking will examine whether ERCOT should operate aDA energy market or contract with a
private entity that would operate one.

Develop a sustainable market structure

ERCOT stakeholders devel oped the current wholesale market design under the pressure of a
legidative mandate and deadline. They were largely successful in creating a well-functioning
market. However, the Commission has identified some chronic problems and inefficienciesin
the wholesale market design that may worsen over timeif not corrected, and has ordered ERCOT
to change the protocols.  In response to the Commission’s orders, ERCOT stakeholders have
changed the market structure in ways that have reduced the scope of the problems but are not
fully consstent with the Commisson’'sorders. While these efforts by stakeholders to address
the Commission concerns are recognized and appreciated, MOD believes that stakeholder
solutions, which usudly reflect certain compromises, have not been benchmarked against
fundamental economic principles and fail to ingtitutiondize incentives that are compatible with
the overal market structure.

MOD bdievesthat this rulemaking will give the Commissoners, working with ERCOT
stakeholders, a chance to update and improve certain aspects of the ERCOT market. This
proceeding will alow the Commissioners to make essentid decisons on tough policy issues that
are not suited to stakeholder compromise. The rulemaking will give dl stakeholders a chance to
discuss their concerns about proposed changes to the market structure, with the Commission
ultimately ruling on the required market festures in sufficient detail to avoid rancorous and
unproductive debate at ERCOT. Implementing a wholesale market design in the context of arule
protects the market structure againgt future changes proposed in haste to address short-term
problems while alowing the market structure to be readily amended when experience in ERCOT
or other markets indicates a need for modest change. The projected three-year rulemaking
process can build amarket with a solid foundation from redesign up to implementation, while
dlowing ERCOT gakeholders to develop the commercid and operational detalsin the
implementation.

FERC SMD

FERC hasinitiated a rulemaking to develop a standard market design (SMD) that is cregting a
debate across the country on what the appropriate wholesale market structure should be..
ERCOT is ahead of the curve on many things compared to the FERC SMD and is running
paralel on others. Market players who dso are involved in a number of other wholesde markets
aswell asMOD would like to address these issues at ERCOT at the same time FERC is
conddering them.

M easur es of an Efficient, Sustainable M ar ket

MOD proposes that the Commissioners and stakeholders keep the following questions and
concernsin mind when debating and deciding key market design issues. These points are based



on widely accepted market design principles that would promote an efficient, sustainable
wholesale market in ERCOT.

Economic Efficiency

Are scarce resources, such as transmission and generation capacity, alocated to those
parties that are mogt willing to pay for them?

Does the market structure encourage resource owners to submit their resources at
margind cost?

Does the market structure discourage resource owners from withholding their resources?

Do pricesin the market send signds that will encourage the appropriate scheduling of
power?

Do pricesin the market send signas that will encourage the gppropriate amount of new
transmission?

Do pricesin the market send sgnas that will encourage the appropriate Siting of new
transmisson and generation?

Do parties have the ability to enter into bilaterd contracts that reflect their preferences for
fue type, price, length of contract, and contract counterparty?

Do parties have the ability to buy and sdl in the short-term (day-ahead or hour ahead) to
alow them to adjust to unexpected changes in supply and demand at a given location?

Do the parties have the ability to choose the proper mix of wholesae services obtained
viaaprivate market and those obtained via the system operator?

Does the market structure assist the development of innovative new products such as
demand-side responsiveness, wind power, and distributed generation resources?

Does the market have a sufficient array of contractual aternatives o that market
participants can maximize the vaue of their assets?

Does the market provide participants with adequate risk management tools?

Price discovery
Are energy and transmission prices transparent?
Do the various marketsin ERCOT provide sufficient liquidity?

Does the ERCOT wholesde market send the proper type of price signdsfor the
following:

0 Locaion?

0 Transmisson?

0 Generdtion?

o Forward contacting?



0 Red-time transactions?

Do dectricity users have adequate opportunities to adjust their consumption in response
to fluctuations in prices?

Is the market sufficiently transparent to alow monitoring and detection of market power
abuse?

Equity among market participants

Would a change in market structure improve the ability of certain market participants to
buy or sdl power in the wholesale market?

Do parties have a reasonably wide range of choices to meet their obligations (i.e., self-
arrangement, bilateral contracts, ERCOT-procured)?

Would the features of a market that ERCOT would run provide value to end users of
eectricity sufficient to judtify the expense?

Are the market rules designed in a non-discriminatory way to creste leve playing field
for conventiona and non-conventional resources?

Subsidizing and uplifting of costs

Do the market rules diminate uplifting of costs or, a least, make the uplift so smdl asto
deter market participants from gaming the market?

Do the market rules subsidize market participantsin away that is not sanctioned by
explicit Commisson or Legidative policy?

Gaming opportunities
Are market rules properly designed to include economic incentives and disincentives to
encourage compliance with the rules?
Are the features of the market designed to effectively discourage the exercise of market
power?

Aretherules of the market incentive comptible (i.e., do they induce market participants
to bid their true costs and preferences)?

I mpact on reliability

Does any dement or combination of eements of market desgn sgnificantly reduce the
reliability of the grid?

Architecture of Power Markets

The main challenge of designing awholesale dectricity market is how to combine the red-time
market for transactions coordinated by a system operator with forward markets comprising long-
term bilatera contracts between power generation companies (PGCs), retail dectric providers
(REPs), non-opt-in entities (NOIES), power marketers, and aggregators. What ingtitutions will



blend these markets so as to provide end- use customers with the widest range of choices and the
best value?

The Real-Time Market: Realm of the System Operator

The delivery of dectricity has physical characteristics that make its wholesde market sructure
unique. Storage of eectricity is very expendve and not considered cost-effective in most
gtuations. Transmission lines are congested, generators have limits on the speed in which they
can ramp up or down, and all but the largest loads are price-indastic in the short-run.® The
transmission grid is highly complex and vulnerable to ingtability. The maximum cushion
avalable to operators to maintain system sahility is the ten minutes in which governors and
automatic controls on generators can compensate for energy imbalances in the system.

The system operator is concerned with strengthening the physical functioning and ensuring the
coordination of al agpects of energy, transmisson and reserves. The chief economic
conseguence of the need to maintain the gtability of acomplex ectric grid is that the real-time
market for dectricity isdriven by the physica redlities of the grid rather than the financid
transactions of the market participants. Because of the unique characteristics of eectricity, there
can be only one spot market for energy, the red-time “baancing market” conducted
continuously by the system operator as an integra part of its management of grid.®

The system operator aso tends to be concerned with operationd efficiency of the grid, wherein
red time the chegpest combination of unitsis deployed. This goproach is consstent with the
dispatch of resourcesin acontrol areain the pre-SB 7 world, where retail customers had no
choices in the type of eectric service they received. The eectric provider chose the types of
generdtion (i.e.,, cod, nuclear, gas-fired), set the price for the customer under tariffs the
Commission gpproved, and attempted to dispatch the units as efficiently as possiblein red-time.

Forward Market: Realm of the Marketer

The ERCOT stakeholders, when designing the ERCOT wholesale market, used forward bilaterd
contracts as the basis for the energy market. Marketers favor such a design because they believe
that market participants should have the widest range of choices to meet the needs of their
cusomers. For ingance, in the ERCOT market qualified scheduling entities (QSES) can meet
ther ancillary service requirements through sdf- provision, purchase through bilateral contracts,
and to purchase through a voluntary ERCOT-run day-ahead capacity market. This principle will
continue to be a cornerstone of any market rules that the Commission develops.

A key feature of SB 7 was the separation of generation, retail marketing, and transmisson. The
unbundling alows market participants to choose from dozens of REPs and PGCs. The REPs and
PGCs have the ahility to offer awider range of fuel sources and codts, including cutting edge
technol ogies such as renewable resources, demand-side products, and distributed generation.

3 Robert Wilson, “Architecture of Power Markets,” Graduate School of Business, Stanford University,
Research Paper Series No. 1708, September 2001, page 3.

* Wilson, “Architecture of Power Markets,” page 4.

® Wilson, “Architecture of Power Markets,” page 5.



Marketing efficiency might be defined as most accurately reflecting the preferences of market
participants such as QSEs, PGCs, REPs, and NOIEs. Market participants have different
tolerances for risk, different gpproaches to meet the needs of their customers, and different
plaming horizons. The private market that developed as part of SB 7 organi zes transactions
based on concerns other than real-time efficiency that predominated the market before
deregulation.

Architecture of Power Markets. Linking the System Operator and the Marketer

The tradeoff in designing the ERCOT wholesde market is between tighter coordination of
resources (the concern of the system operator) and the wide variety of bilaterd energy contracts
(the concern of the marketer). Deploying balancing energy and ancillary services aswedl as
trangmisson pricing are dl donein red-time. Bilateral contracts are signed days, months, or
years ahead of red-time and aren’t written in enough detail to handle the continualy changing
real-time satus of the grid. The wholesale market must try to link the bilateral, unbundled
market that provides the greatest range of competition and innovation in products and services
(marketing efficiency) with the necessary centrdization of the red time market (engineering
efficiency).

Put another way, reliance on private market structures often reduces system operator discretion.
In the ERCOT wholesdle market, this trade- off reflects the unbundling of energy, tranamisson,
reserve capacity, and retall marketing into separately priced services, and reflects the need to
coordinate these unbundled pieces of the market both in the long-run and in red-time®
According to Wilson, however, this tradeoff is not intringc: highly evolved markets with
elaborate pricing could be sufficient to achieve perfect coordination.”

Elements of a Power Market

After listening to stakeholders' oral comments at the September 6, 2002 workshop in Project

26330, Lessons Learned: Evaluation of the Performance of the ERCOT Whol esale Market, and
reading stakeholders written comments filed on the same day in Project 26376, Rulemaking
Proceeding on Wholesale Market Design Issues in the Electric Reliability Council of Texas,
MOD determined that a number of stakeholders, including MOD, needed to better understand

the various éements of awholesale dectricity market.®

This section will describe a number of key e ements that need to be considered in developing a
sugtainable wholesde market design. Table 1 lists anumber of different market desgn dements
that the Commisson and ERCOT have addressed or are addressing.  After reviewing these
market eements, MOD has come to the following conclusons:

1. Not al dements need to be considered in this rulemaking project,

& Wilson, “ Architecture of Power Markets,” page5
" Wilson, “Architecture of Power Markets,” page 6.
8 On September 6, 2002, Project 26376 was not aformal rulemaking and was known as Transmission

Issuesin the Electric Reliability Council of Texas All filings made under the project number are considered filings
in the rulemaking proceeding.



2. The congestion management system that a wholesale market uses, whether it isa zond
mode or anodal mode, is the fundamental market design choice that needs to be made.
All other market features can work within a zond or nodd framework.



Table1:
Comparison of Nodal (LMP) and Zonal Market Designs

Market Design Element

Specific to Market Design?

1 Congestion management mechanism Fundamental market-design specific feature

2 Treatment of pre-assigned It is not specific to a particular market design. Both Zonal and
Transmission Congestion Rights Nodal haveto deal with thiselement. There may beless uplift due
(PCRs) and grandfather FTRs (or to the fact that the majority of TCRsis auctioned.
CRRs)

3 Central dispatch It is not specific to a particular market design. Both zonal and
Nodal model could require central dispatch.

4 Treatment of bilateral contract in It is not specific to a particular market design. Both zonal and

central dispatch Nodal model could require bilateral contracts go through central
dispatch. In ERCOT, less than 3% to 5% of bilateral contracts may
go through central dispatch. These figure are 20% to 40% for PIM
and 100% for NY SO, respectively.

5 Portfolio vs. unit-specific resource plan | While ERCOT has portfolio resource plan, unit specific resource
plan could also be implemented under Zonal market design.

6 Day-ahead energy and capacity markets | Itis not specific to a particular market design. Both zonal and
Nodal model could require day-ahead energy and capacity markets.

7 Real-time energy market It is not specific to a particular market design. Both zonal and
Nodal model could require same-day spot energy market.

8 Mechanism to mitigation market power | Itisnot specific to a particular market design. Market power
mitigation procedures are required for both Zonal and Nodal market
designs.

9 L oad resources participation It is not specific to aparticular market design. While ERCOT has
good features to enhance load participation, more accurate price
signal in Nodal design may turn to be more effective for load
participation.

10 | Balanced scheduled requirement and It is not specific to a particular market design. ERCOT isworking

allowable Schedule Control Errors of aPRR to require binding resource plans. A new penalty
(SCEs) mechanism could encourage more resource accuracy. Dynamic
scheduling can reduce this problem.

11 | Ancillary services procurement and It is not specific to a particular market design. Both zonal and

responsibilities Nodal model could have mechanism to adequately address this
issue.

12 | Generation adequacy and reserve It is not specific to a particular market design. Both zonal and

margin Nodal model could have mechanism to adequately address this
issue.

13 | Dataand market information Nodal will provide more transparent price information.

transparency

14 | Economic efficiency (Don't let the The implementation of any congestion management model has

perfect be the enemy of the good
enough)

imperfections, so the current versions of the nodal and zonal
models throughout the world are “ second best” expressions of the
model’ sideal state.

MOD has not seen empirical study that demonstrates which of
these two “ second bests” is superior with respect to economic
efficiency.




Discussion on the Market Design Elements

Congestion Management M echanism

A zond modd makes a number of amplifying assumptions. When the system operator manages
congestion and assigns locationa prices in awholesale dectric market, not dl transmisson lines
are considered equa. The modd assumes that a number of commercidly sgnificant condraints
(CSCs, dso known as flowgates) are consigtently and perdastently limiting export or import.
Congestion that occurs across a CSC is called zonal congestion. The mode directly assgns
congestion fees for these CSCs and slIs financid transmission rights that allow market
participants to hedge the cost of moving power across CSCs. The CSCs define zones that will
have different RT baancing energy prices when at least one of the CSCs experiences congestion.
In 2002, ERCOT has four CSCsthat define four zones, and can have four digtinctive zona
prices.

Congestion does not occur oldly across CSCs. Congestion on lineswithin azoneis caled local
congestion. If CSCsare properly defined, the causes of zona congestion differ from the causes
of local congestion. Zond congestion will occur regularly, even if the system operator directly
assigns congestion fees. An example would be the STP-Dow transmission line that separates the
South Zone from the Houston Zonein ERCOT. Loca congestion occurs sporadicaly and
randomly, often when aresource or transmission line is out of service for aperiod of time.

Clearing congegtion in the ERCOT zona model is atwo-step process. Fird, the system operator
determines which resources to deploy to relieve zona congestion. After making that
determination, ERCOT takes a second step by changing its planned deployment of resources
within a zoneto relieve locd congestion while maintaining the tota level of energy deployed
within azone.

Under the ERCOT protocols, loca congestion costs are uplifted on aload-ratio share basis. On
March 5, 2002, these costs crossed the $20 million threshold that was established in the Order on
Rehearing in Docket 23220, Petition of the Electric Reliability Council of Texas for Approval of
the ERCOT Protocols. A proposa by MOD to implement direct assgnment of local congestion
fees, asordered in that docket, is under consideration in this rulemaking. ERCOT stakeholders
gpproved an interim step on July 31, 2002 that could reduce the size of the local congestion costs
going forward, but it did not eiminate the potentia for gaming local congestion.

To run anoda mode, the system operator needs to know the output level and bid price of each
level of output of each resource in the systemn for each settlement interval as well as the location

of each load that the resource is serving. The output level is needed to alow the smultaneous
feaghility test (SFT) software to calculate the impact of the resource’ s output on each
transmission line. The bid for each output level is necessary for the system operator to determine
the cost of clearing one MW of congestion (shadow price) on each congtrained line and to deploy
those units that are centrally dispatched within the system.” Therefore, the QSE needs to submit
aunit-specific bid curve, not just a premium bid asis done under the ERCOT protocols.

® Under anodal system, QSEs do not have all their output available for central dispatch. For instance, a
nuclear power plant under contract would reject decremental instructions except in emergency situations (when the
market has broken down by definition). When a QSE submits a schedul ed transaction between the nuclear power
plant (source) and the load its serves (sink) without abid curve, the system operator infers that QSE has submitted

10



In the past year, ERCOT stakeholders have discussed two adternatives in congestion management
that would provide ERCOT with a sustainable market design: the current zond model
supplemented by MOD’s proposal to directly assign local congestion fees and anodal system.©
The current ERCOT zona mode upliftsloca congestion costs, provides incentives for gaming
local congestion costs (and the incentives increase proportionately with increasesin zond

MCPESs) and does not provide locationd pricing within azone. The changes ERCOT
stakeholders made in July 2002 have reduced the need for immediate implementation of MOD’s
proposal and can be conddered an interim step in meeting the requirements of Docket 23220
until the Commission resolves the issue of congestion management in this proceeding in the first
quarter of 2003.

If the Commission decides to implement anodal congestion management system by 2006, then
for the interim the Commission has a choice between the current zond model with uplift of locd
congestion costs or MOD's proposal to directly assign local congestion costs. The Commission
will base this choice on the rlative cogts, benefits, and risks of each approach.

Treatment of Pre-Assigned Congestion Rights

Congestion rights under the current zond modd are flowgate rights, that is, financid rights

across a specific trangmission line or set of transmission lines. Under anoda modd, congestion
rights can be flowgate rights, point-to-point rights, or acombination of both. A point-to-point
right is a hedge from the source (i.e., where the power isinjected, such as a combined cycle plant
in the Valey) and the sink (i.e., where the power is withdrawn by load, such as an indudtrid
customer in Corpus Chrigti). The hedgeis not a specific path between the source and sink,
because as is discussed in a section below, power flows follow the path of least resistance and
are influenced by the topology of the grid and the pattern of injections and withdrawas a any
given moment.

Asligted in Table 1, both nodal and zond models can accommodate pre-assigned congestion
rights. Under anodd system, the Commission will need to determine that whether any pre-
assigned congestion rights it has granted NOIEs should be flowgate rights or point-to- point
rights and price them accordingly.

Central Digpatch

Both zond and nodd systems rely on centrd dispatch for some of the energy provided in the
wholesdle market. Under the current zonal modd in ERCOT, the ERCOT system operator
controls the output level of resources that provide ancillary services and baancing energy by
sending centralized digpatch ingructions. As part of the optimization routine embedded in
ERCOT operationd software, the system operator potentialy will redispatch any resource that
has an outstanding baancing energy bid that can improve economic efficiency (e.g., DEC an

decremental bids with a price of negative infinity. A QSE, however, would have to submit enough incremental and
decremental bids to allow the system operator to clear congestion and maintain reliability.

19 For more on MOD’ s proposal to directly assign local congestion fees, see MOD’s August 27, 2002
filingsin this proceeding. On August 27, 2002, AEP and LCRA, made filings on the cost of implementing MOD’s
proposal and anodal system for their QSEs, AEP made afiling on the cost to ERCOT of implementing a nodal
system, and ERCOT staff made afiling on the cost to ERCOT of implementing MOD’ s proposal .
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expensive resource and INC a cheaper resource), even if the resource is not needed to clear
congestion or provide an ancillary service. ERCOT dso gives unit-specific OOME ingtructions
to manage loca congestion and voltage problems.

Treatment of Bilateral Contractsin Central Dispatch

Trestment of bilateral contractsin centra digpatch is not specific to a particular market design.
Under the current zona modd, the ERCOT protocols require that QSES provide schedules and
resource plans to the system operator, but the QSEs do not provide ERCOT the ability to
centraly-dispatch resources associated with bilatera contracts as part of a system-wide
optimization of resources. A zond modd, in theory, could require that QSEs have dl their
resources that are online available for central digpatch by the system operator. That would
effectively require al spinning generation to be bid into the balancing market as DEC capacity,
and al available unused capacity to be bid as INC capacity.

Under anodd system, the system operator could require QSEs to submit al resourcesto the
system operator for centra dispatch as part of an optimization routine (asis done in the NY1S0)
or make such asubmission optiond (asis donein PIM).

Portfolio vs. Resour ce-Specific Resour ce Plan

The ERCOT zona mode dlows QSEs to provide the system operator with a portfolio resource
plan, giving the QSE flexihility in digpaiching its resources in the market. The ERCOT system
operator could require a resource-specific resource plan in the future within the context of an
ERCOT zond modd to improve the operationd efficiency of dispatch when using the current
two-step method to clear congestion. A nodal mode requires a resource- specific resource plan
in order for the system operator to price each transmission line and node.

Day-Ahead Energy and Capacity Markets

Day-ahead energy and capacity markets are not specific to a particular market design. ERCOT
currently operates a voluntary day-ahead capacity market for ancillary servicesinitsrole as
provider of last resort for ancillary services. ERCOT could operate a day-ahead energy market
within azona mode and not even need to centraly-dispatch the energy that is committed in the
ERCOT-procured day-ahead market.!*

Desgning a day-ahead market has a wide spectrum of options. It can be a smple energy-only
market relying on salf-commitment. Or it can be afully centrdized unit commitment
optimization based on offers specifying economic and technical parameters for each resource
(energy bids, gart up and no load cogts, ramp rates, minimum output, minimum and maximum
down times, etc.). Such unit commitment can adlow physica bilatera schedules asisdonein
PIM or require that al schedules including the bilateral ones be subject to redispatch asis done
a the NY1SO. The unit commitment may be voluntary or mandatory and may be gpplied to dl
scheduled energy or just to the net short positions (asis proposed in the California MDO02
proposa). The unit commitment may include scheduling of energy only or combine energy and

1 The QSEs could submit updated schedule and resource plans to the system operator that reflect the
results of the auction in a day-ahead energy market.
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ancillary service scheduling. The day-ahead market may or may not account for transmisson
condraints and it may or may not alow virtud bidding. There is aso the question of whether the
congestion settlement for bilaterd transactions and transmission rights should be based on the
day ahead nodal prices or on ex post red timelocationd prices.

Real-Time Energy Market

The redl-time energy market is not specific to a particular market design. As mentioned above,
the redl-time energy market isin redity a physica market that the system operator must run.

M echanism to Mitigate M ar ket Power

The potentid for market power abuse exigts in both noda and zonad models, though the potential
impact of market power abuse may take adifferent form in a zona model than it doesin the
nodal model. Both market designs would require mechanisms to mitigate market power.*

L oad Resour ces Participation

Load resource participation is not specific to agiven market design. The current ERCOT model
has been successful in providing the means for load resources to participate in the ancillary
sarvices markets and balancing energy markets. The current ERCOT mode does not provide
sufficient granularity in locationa pricing to encourage load resources to provide bids to help the
system operator resolve loca congestion. A nodal mode or azond modd usng MOD’s
proposdal to assign loca congestion costs could encourage load resources to actively participate
in resolving local congegtion in the future,

Balanced Schedule Requirement / Schedule Control Errors (SCEs)

Thisissueis not related to specific market design. ERCOT isworking on a PRR to require
binding resource plans. A new penaty mechanism coud encourage more resource plan
accuracy. Wider use of dynamic scheduling could reduce this problem.

Ancillary Services Procurements and Responsbilities

Ancillary services procurements and responsibilities are not specific to a particular market
design. Experience has shown that the system operator can acquire the appropriate amounts and
types of ancillary servicesin both azond and nodd modd.

Generation Adeguacy and Reserve Margins

The need to ensure generation adequacy and reserve marginsis not affected by a particular
wholesale market design. In either market structure, the pressures of retail competition will
create an incentive for retail eectric providers to secure just enough capacity to meet their short-
term needs. Asaresult, the Commission will need to creste a market-based mechanism to help
REPs and NOIEs meet a generation adequacy requirement to ensure sufficient supply to

12 MOD notes that LCRA’s Zonal-ERCOT-Nodal (ZEN) model incorporates market power mitigation featuresin a
nodal market structure.
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maintain reliability and reduce “boom and bugt” cyclesin investment of generating capacity.
MOD believes that Project 24255, Rulemaking Concerning Planning Reserve Margin
Requirementsis the proper forum to address thisissue.

Data and Market Information Trangparency

A noda system will provide more transparent locationa energy prices but additiona flowgete
pricing information is needed to provide trangparent pricing for transmisson investment because
flowgate pricing presents the market with the value of relieving congestion on a st of physca
lines rather than prices that result from a system-wide redispatch.

Economic Efficiency (Implementation of the Theor etical M oddl)

The implementation of any congestion management modd has imperfections, so the current
versons of the nodal and zonal models throughout the world are “second best” expressons of
the models idedl state. Data provided to a system operator on the output of generating units,
voltage levels, and status of transmisson linesis not 100 percent accurate in every interva.
Manud “workarounds’ are afeature of every wholesde market. In certain nodal markets,
resources do not respond to all pricesthat the system operator generates to encourage optimal
dispatchin red time. On occason, ERCOT has given OOME ingtructions to address zona
congestion.

The ERCOT and PIM markets, though based on different premises, both work. MOD has not
seen any empirica study that demonstrates which of these two “second best” implementationsis
superior with respect to economic efficiency. Whatever market design eements the Commission
chooses, the choices should reflect the tradeoffs and imperfections inherent in any functioning
market, not acomparison of aworking zond market with an idedized noda market.

Basic Economics of Congestion M anagement and Day-Ahead

M arkets

This section is based on Chapters 3 and 5 of the book Power System Economics — Designing
Markets for Electricity by Dr. Steven Soft and is used with permission of the author. This
section of the white paper highlights the consensus among leading expertsin electricity
economics on the basic economic principles of electricity markets with respect to locational
pricing, congestion management, day-ahead markets, and real-time markets. MOD has chosen
thistext to include in the white paper because as Dr. Stoft states in the Preface of his book:

My original purpose in writing this book was to collect and present the basic economics and
engineering used to design power markets. My hope was to dispel myths and provide a
coherent foundation for policy discussions and market design....

Though in the book Dr. Soft states his preferred market design with respect to congestion
management and day-ahead markets, his choices are a subset of a larger range of possible
choices for the ERCOT market that would be consistent with the basic economic principles
detailed below.
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Forward vs. Real-Time Markets

Trading for the power delivered in any particular minute begins years in advance and continues
until red time, the actud time at which the power flows out of agenerator and into aload. This
is accomplished by a sequence of overlapping markets, the earliest of which are forward markets
that trade nonstandard, long-term forward contracts. Futures contracts are sandardized,
exchange-trade, forward contracts. Electricity futures typically cover amonth of power
delivered during onpesk hours and are sold up to ayear or two in advance. Most informal
forward trading stops about one-day prior to red time. At that point, in anumber of RTOs, the
system operator holds its day-ahead (DA) market for energy and capacity.r® Thisis sometimes
followed by an hour-ahead market and areal-time (RT) market that the system operator o
conducts. All of these markets except the RT market will be classfied as forward markets.

All markets except the RT market are financia markets in the sense that ddivery of power is
optiond, and the sdller’ sonly red obligation isfinancid. If power isnot delivered, the supplier
must purchase replacement power or pay liquidated damages. In many forward markets,
incduding many DA markets, traders need not own a generator to sell power. The RT market isa
physical market, as all trades correspond to power flows. While the term spot mar ket is often
used to include the DA and hour-ahead markets, this white paper will useit to refer to the RT
market. A customer who buys power in aforward market will receive either eectricity

delivered by the sdler or financid compensation. This financia compensation is called liquated
damages, meaning the damage to the customer has been expressed as aliquid financid sum.

This cogt defines liquidated damages.

Because customers are virtualy never disconnected when the forward contract fdls through,
power is often delivered in the RT market. Any power that is sold in the DA market but not
ddivered in red timeis deemed to have been purchased in red time at the spot price of energy.
This arrangement is cdled a two- settlement system and has a number of useful economic

properties.

Two-Settlement System: Day-Ahead and Real-Time Markets

The RT price dways differs from the DA price. Which isin control? In a competitive market the
RT prices are true marginal cost prices a a particular sngpshot in time, and forward prices are
estimates or predictions of future RT prices or are abundling or averaging a series of projected
RT pricesfor the length of the contract. Forward contracts often include an implicit risk
premium because parties that arrange along-term forward contract cannot know the real-time
conditions of the grid for each settlement interval for the life of the contract.X*  The RT market
reflects the operationa redlities and related prices of generation and transmission.

Contracts for differences (CFDs) insulate bilatera trades from al risks of spot price fluctuations
while dlowing the inevitable inefficiencies of forward trading to be corrected by RT price
sgnas. A CFD requiresthe load to pay the generator the difference between the contract price

13 MOD notes that the ERCOT market has functioned well without aformal DA market, and that nothing
prevents a private entity from operating a successful centralized DA market.

14 Although the original text of Stoft’s book does not mention arisk premium, MOD spoke with the author
to confirm that he did not mention risk in order to simplify his presentation.
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and the spot price whether it is poditive or negative. Both the two-settlement system and CFDs
dlow efficent re-contracting — a standard economic solution to problems of decentraized
forward trading.

If agenerator dlsits output in the DA market, the two- settlement system lets it respond
efficiently to the pot price without any risk from the volatility of that price. The generator can
only profit from an unexpected spot price, and never suffer aloss. If agenerator sdllsits power
toaload in abilatera contract months in advance, a CFD will let them profit efficiently from an
unexpected spot price. If they trade over lines that may be congested, purchasing a congestion
revenue right (CRR) will provide the same guarantee with respect to transmission prices.

If the system operator runsa DA and a RT market, generators should be paid for power sold in
the DA market at the DA price, regardiess of whether or not they produce the power. In
addition, any RT deviation from the quantity sold in the DA should recelve the RT price.

A two- settlement system preserves red-timeincentives. When the RT market is settled by
pricing deviations from forward contracts at the RT price, suppliers and customers each have the
same performance incentives in redl time asif they had traded dl their power in the RT market.™®
Differencesin prices between source and sink reflect the real-time transmisson condraints.

Contracts for differences preserve red-time incentives. Bilaterd traders using contracts for
differencesfed the full incentive of RT prices. Because they could ignore this incentive, any
deviation from their contract can only be profitable.

Congestion Management and Locational Pricing

The key properties of these prices are that (1) they are competitive prices, (2) the locationa
energy-price difference is the price (opportunity cost) of tranamission, and (3) a Single congested
line makes the price of energy different at every location. Because they are competitive prices,
any perfectly competitive market will determine the same locationd prices.

Energy prices differ by location for the smple reason that energy is chegper to produce in some
locations and trangportation (transmission) islimited. A transmisson line becomes congested
when the flow over aline reaches atherma or stability limit. Congestion keeps energy prices
different in different locations.

Supply and demand determine locationd prices and have nothing to do with the architecture of
the market, provided that it is a competitive market. A purely bilatera market that is perfectly
competitive will trade power at the same locationa prices as a perfectly competitive, centralized
nodal-pricing market. Of course, abilateral market islikely to be less precise with its pricing,
but on average it should find the full st of competitive nodd prices.

Because there is a unique set of locationa prices, thereis dso aunique set of “congestion”
prices, dso cdled transmisson prices. Again, these are determined by competition and supply
and demand conditions. They have nothing to do with market architecture, provided that the
market is perfectly competitive.

15 MOD notes that this condition is true only for pricetakers. Theincentive of agenerator to exercise
market power depends on how much istraded in the spot market.
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If the competitive energy priceat X is$200MWh and at Y is $30/MWh, the “no arbitrage price’
of transmission from X to Y is$10/MWh. Transmission prices are dways equd to the
difference between the corresponding locationd energy prices. If this were not true, it would
pay to buy energy a one location and ship it to the other. In that case arbitrage would change
energy prices until this smple relaionship held.

Idedlly, centrd computation finds the optimal dispatch and then computes prices from the
margina benefits of afree megawatt at each location. Transmission condraints make power
more vauable in some locations than others.  Arbitrage produces a single price at each location,
but transmisson congraints can prevent it from leveling prices between locations.

The cogt of transmitting power from X to Y does not depend on the path chosen. Thisresult is
not surprising, although contracts may stipulate a*“contract path” for power, there is no way to
influence the actud path taken. Locationd prices reflect this redity by making sure that Pz +
Pzy = Pxy for any intermediate point Z.

Not only isit impossible to sdlect the path of a power flow, power takes every possible path
between two points, with more flowing on the easier routes.  The consequence for a network
with asingle congested lineis that every location has aunique price. In effect thereis a price for
using the congested line, and every transaction uses that line to one extent or another. Sending
power from X to fifty different locations will use fifty different amounts of the congested line, s0
there will befifty different transmission prices and fifty different energy prices (plus the energy
price a X). One congested linein PIM produces 2000 different locational prices. A centrdized,
real-time market will compute these so accurately that the true locationa differences become
vighle

Congestion charges are based entirely on scarcity. Congestion charges are typicaly zero because
there is plenty of transmisson capacity most of the time. When transmission capacity is scarce,
competition for transmission can raise its price seeply. To some extent these prices are
predictable, but they contain a Sgnificant random component that can be problematic for traders.
The uncertainty in congestion price can be hedged by buying energy forwards or options
contractsin the two locations or buying transmission rights between the two locations.

Spot prices that differ by location impose transmission costs on traders. These cannot be avoided
by the use of CFDs, and they make trading risky. Some markets in transmisson rights exist to
provide a hedge for transmisson cogts. Since atrade dwaysis dlowed in the RT market, a
financid transmisson right is as good as a guaranteed physica transmission right.

Why isit 0 easy to insulate a bilaterd trade from the spot energy price and so difficult to
insulate it from the spot transmission price? A buyer and sdller (or source and sink), considered
as aunit, are unaffected by the energy price because their net podition is zero. Asaunit,
however, they dways take anet position in the transmission market; they consume transmisson
from generator to load. Because they take anonzero net position in the transmisson market,
they are affected by the price of transmisson.

The complaint of tradersis that the transmission priceis“ex-podt: - it is established after they
commit atrade instead of being posted ahead of time. Real-time transmission prices are impacted
by the real-time physical conditions. They are susceptible to wegather, generation outages,
transmission outages, and other factors.
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Transmission lines have capacity limits that must be enforced in order to protect the lines and the
gability of the system. When these limits are binding, thet is, when trades would like to have
more capacity than is safely available, transmission is a scarce resource. Economics
recommends that, whenever practica, a market be used to allocate what is scarce.

Fnancid rightsreflect dectricd redity; physcd rightsreflect anilluson — the notion that
suppliers actudly deliver their product to their load. (Emphasisinorigind) If supplier A sends
power to load B and supplier B send power to load A, their shipments may physicaly cancel
each other on the connecting power line with the result that no power flowsfrom A to B or from
B to A. Instead, supplier A’s power goesto supplier B's customer and vice versa.

Supply and demand curves are neither constant nor completely predictable, so prices are risky.
In amarket with fully competitive transmission pricing, if a generator trades with load & the

local bus, there is no charge for congestion. If a generator trades with aremote load, and thereis
achance of congestion, the trade is exposed to transmission-price risk.

Transmission rights are needed to hedge long- distance forward trading but not to protect power
lines. If the rights are well-designed, they will minimize forward-trading risks and the market
will work much like the above example that has transmission costs but assumed no transmisson
pricerisk. Trading a& adistance, in any direction, will be uninhibited by pricerisk. Within the
optima set of generators, the matching of generatorsto loadsis quite random. Thiswill result in
many counterflows between loads and generators, but because of physics, these flows will be
netted out before they happen and the same optima power flow will result asif locd trading had
been maximized. Smilarly, tranamission costswill net out and every generator and load will

pay and be pad asif it had traded locdly. Financid arrangements will reflect the physica
properties of eectricity.
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PIJM Market

Pennsylvania-New Jersey-Maryland (PIM) system operates the day-ahead energy market, the
real-time energy market, the daily capacity market, the monthly and multi- monthly capacity

markets, the regulation market and the monthly Financid Transmisson Rights (FTRS) auction
market. PIM introduced noda energy pricing with market-clearing prices on April 1, 1998 and
noda, market- clearing prices (Locationa Margina Pricing (LMP): Appendix I1) based on
compstitive offerson April 1, 1999. PIM implemented a competitive auction-based FTR market
on May 1, 1999. Daily capacity markets were introduced on January 1, 1999 and were broadened
to include monthly and multi-monthly marketsin mid-1999. PIM implemented the day-ahead
energy market and the regulation market on June 1, 2000. PIM plansto add a market in spinning
reserves in near future.
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* The difference with FERC Standard Market Design (SMD) islack of Automatic Mitigation Procedure
(AMP), though AMPisoptional in FERC's SMD.

PIM’ s two- settlement system consigts of two markets — a day-ahead market and a redl-time

bal ancing market. Separate accounting settlements are performed for each market. For the fulll
year of 2001, red-time spot market activity averaged 6,563 MW during pesk periods and 6,395
MW during off pesk periods, or 21% of average loads. In the day-ahead market, spot market
activity averaged 4,794 MW on peak and 4,877 MW off peak, or 15% of average |loads.

Day-Ahead Market

The day-ahead market is aforward market in which clearing prices are caculated for each hour
of the next operating day based on generation offers, demand bids, and bilateral transaction
schedules and incrementa and decrementd bids which are purdly financia bids to supply and
demand energy in the day-ahead market. The baancing market is the redl-time energy market in
which hourly clearing prices are determined by the actud bid-based, least-cost, security
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congrained unit commitment dispaich.  Separate accounting settlements are performed for each
market.

PIM’ s day-ahead market enables market participants to purchase and sell energy at binding day-
ahead nodd prices. It further permits customers to schedule bilaterd transactions at binding day-
ahead congestion charges based on the differences in the day ahead LMP between atransaction’'s
source and sink locations. FTRs are available to hedge congestion in the day-ahead market.

All spot purchases and salesin the day-ahead market are settled at the day-ahead prices. PIM
dlowsvirtud bids so market participant can submit bids that are purely financid in order to
arbitrage between the day ahead and redl time market prices. Such bids are treated in the unit
commitment process asif they were physica. PIM calculates the day-ahead final schedule based
on the bids, offers and schedules submitted. Day ahead bids are of three types: energy bids by
generators that salf-commit, virtua bids, and multidimensiond bids including cost and operating
parameters by generators that want to be committed by PIM’ s centra unit commitment
agorithm. Generators that are committed by PIM are made whole on a 24 hour basis (i.e., PIM
guarantees cost recovery). All self-committed and centraly committed units are scheduled for
each hour in the day ahead through a security constrained bid based digpatch and the
corresponding hourly LMPs are caculated. The day-ahead scheduling process will incorporate
PIM rdiability requirements and reserve obligations into the andyss. The resulting hourly
schedules and LMPs represent binding financia commitments to market participants.

Real-Time Balancing Market

The redl-time balancing market is based on actud red-time operations. Generators that have sold
capacity and thus represent capacity resources must offer their energy in the day-ahead market.
Any resource that is a capacity resource must offer its energy in the day-ahead market, regardiess
of any associated hilateral energy contracts. Available capacity resources that are not selected in
the day-ahead scheduling (e.g., the offer price was higher than other generators and therefore the
resource was not economicaly dispatched) may ater their bids for use in the real-time balancing
market. If agenerator chooses not to dter itsbid, itsorigind bid in the day-ahead market
remansin effect.

A load-sarving entity (L SE) has the obligation to own or acquire capacity resources grester than
or equal to the peak load that it serves plus areserve margin of about 18%. L SEs have the
flexibility to acquire capacity in avariety of ways. Capacity can be obtained by building units, by
entering into bilateral arrangements with terms determined by the parties or by participating in

the capacity credit markets operated by PIM. Collectively, these arrangements are known as the
Installed Capacity Market, or ICAP. The PIM capacity credit markets are intended to provide the
mechanism to ba ance the supply of and demand for cagpacity not met viathe bilateral market or
viasdf-supply. Capacity credit markets were created to provide a transparent, market based
mechanism for new, competitive L SES to acquire the capacity resources needed to meet their
capacity obligations and to sell capacity resources when no longer needed to serve load. PIM’s
daily capacity credit markets ensure that L SES can match capacity resources with changing
obligations caused by daily shiftsin retail load. Monthly and multi-monthly capacity credit
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markets provide a mechanism that matches longer-term capacity obligations with available
capacity resources.®

PIM’s mitigation consigts of the $1,000/MWh bid cap in the PIM energy market and the
$100/MW bid cap in the PIM regulation market. To mitigate local market power, PIM limits the
offers of units that are dispatched out of merit order to relieve transmission congtraints to

margina cost plusten percent. PIM has anumber of additiond rules desgned and implemented
in order to limit market power. PIM isinvestigating other rule changes to reduce the incentives
to exercise market power.

PIM introduced fixed transmission rights (FTRS) initsinitid market design in order to provide a
hedge againgt congestion to firm transmission service customers, who pay the codts of the
transmission system. PIM introduced the monthly FTR auction market to provide increased
access to FTRs and thus increased price certainty for transactions not otherwise hedged by
dlocaed FTRs. In PIM, firm point-to-point and network transmission service customers may
request FTRs as a hedge againg the congestion costs that can result from locational margina
pricing (LMP).

16 MOD would note that most ERCOT stakeholders have expressed the opinion that | CAP markets are not
effectivein providing an RTO with adequate generation reserves at reasonable prices. The PUCT hastaken a
different approach in its Generation Adequacy rulemaking (Project No. 24255).
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New York 1SO Market

The NYI1SO's existing market design includes a Locationd-Based Margind Pricing (“LBMP”)
congestion management system, day-ahead and real-time energy markets (with limited demand
bidding), and fully optimized markets for ten- minute synchronized reserves, ter- minute non
synchronized reserves, thirty-minute reserves and regulation. The day-ahead market determines
LBMPs at each generator bus and for each |oad zone for each hour of the next day, while the redl-
time market determines the spot price used to settle redl-time transactions and differences between
day-ahead schedules and real-time generation and load. LBMPsin New York employ safully noda
approach for supply, with azonal approach for loads The NY 1SO also administers separate ICAP and
Transmission Congestion Contract (“TCC”) markets. In addition to a day-ahead market and area
time energy market, the NY1SO operates an hour-ahead Scheduling Modd to facilitate market
operation. The Scheduling Modd includes processes to dispatch generation, procure ancillary
sarvices, schedule external transactions, and set market-clearing prices in the day-ahead and the real-
time markets based on supply offers and demand bids.

non-synchronized reserves, thirty-minute reserves and regulation. The NY SO aso administers
separate ICAP and Transmission Congestion Contract (“ TCC”) markets. In addition to a day-ahead
market and ared time energy market, the NY 1 SO operates an hour-ahead Scheduling Moddl to
facilitate market operation. The Scheduling Model includes processes to dispatch generation, procure
ancillary services, schedule externd transactions, and set market-clearing pricesin the day-ahead and
the redl-time markets based on supply offers and demand bids.
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* The differences with FERC SMD is a Hour-ahead Schedule Model in NY SO

Day-Ahead Market

The day-ahead market clearing prices are caculated for each hour of the next operating day based on
generation offers, demand bids, and salf schedules. The day- ahead scheduling process will



incorporate NY SO reliability requirements and reserve obligations into the analyss. Based on the
load forecast, NY1SO will issue day-ahead unit commitments to meet forecast demand and reserve
requirements, and establishes day-ahead schedules for each generator. The resulting day-ahead
hourly schedules and day-ahead LM Ps represent binding financial commitments to the Market
Participants. Financid transmission rights (FTRS) are accounted for & the day-ahead LMP values.
NY SO isin the process of implementing a tranamisson condrained unit commitment dgorithm that
co-optimizes energy and ancillary service deployment on alocationa bass. All schedulesincluding
bilateral transactions are subject to central commitment and redispatch. The resulting day-ahead
hourly schedules and day-ahead LM Ps represent binding financiad commitments to the Market
Participants. Transmission Congestion Contracts (TCC) and congestion charges for bilaterd
transaction are settled based on the day-ahead LMP values. The NYISO isin the process of
implementing a Sate estimator, however its current LMP is limited to metered locations which are
primarily generation buses. The NY SO control areaisdivided into 11 zones and load is charged
zond prices reflecting the average LMP within the zone.

The hour-ahead scheduling process updates the day-ahead commitment of resources based on
forecast load for the next hour, using the Baancing Market Evaduation (“BME”) mode. This model
aso schedules non-dispatchabl e resour ces (resources that cannot recelve updated dispatch
indructions every 5 minutes) and externa transactions. Approximately 90 minutes ahead of each
hour, an evaluation takes place to ensure that the Day-Ahead Firgt Settlement schedules meet dl of
the relidbility requirements. Any new firm transactions will be scheduled by BME which could
displace some of the day-ahead non-firm transactions. The results are then posted by 30 minutes
before the hour as the schedule for the next hour.

Real-Time Market

The redl-time energy market establishes the find dispatch of supply to meet demand in each five-
minute interva. Each of these markets utilizes locationd margind pricing thet reflects transmisson
congraints and losses. In the real-time dispatch, Security-Constrained Dispatch (SCD) uses bid
curves of the New York City Area (NY CA) generators to digpatch the system to meet the load while
observing transmission condraints. Bid curves will consst of a combination of incrementa bid

curves provided by generators bidding into the LBMP market and decrementa bid curves provided
by generators serving bilaterd transactions.

NY SO market dlows virtud bidding by various resources. Virtud trading began in November
2001, dlowing entities that do not serve load to make purchases in the day-ahead market. Such
purchases are subsequently sold into the red-time spot market. Likewise, entities without physicd
generating assets can make power saes in the day-ahead market that are purchased in the red-time
market. By making virtual energy sales or purchasesin the day-ahead market and settling the position
in the red-time, any market participant can arbitrage price differences between the day-ahead and
real-time markets. For example, a participant can make virtua purcheses in the day-ahead if the
prices are lower than it expects in the redl-time market, and sdll the purchased energy back into the
real-time market. The result of this transaction would be to raise the day-ahead price, dueto
additional demand, dightly and improve the convergence of the day-ahead and real-time energy
prices, due to additiona supply in the red-time.
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| SO-New England

On May 1, 1999, | SO-NE, on behdf of New England Power Pool (NEPOOL), began to administer a
wholesale marketplace for energy, automatic generation control, 10-minute spinning reserve, 10-
minute non-Spinning reserve, 30-minute operating reserve and operable capacity. With the exception

of operable capacity, these products are currently bought and sold daily, by the hour. Market
participants bid their resources into the market the day before, submitting separate bids for each
resource for each hour of the day.

Early in 2003, New England will replace NEPOOL’ s existing bid-based single-settlement system
with bid-based, security-constrained Day- Ahead and Redl- Time hourly markets with locationd
margind pricing (“LMP”) including Financid Transmisson Right (FTRs) and ICAP. At the outset,
LMPsin New England will employ afully noda approach for supply, with a zona approach for
loads. All FTRswill be auctioned with the revenues produced by such auctions alocated to entities
receiving Auction Revenue Rights (*ARRS’). NEPOOL's current Operating Reserve markets will be
eliminated and a new pinning reserve market that is currently under development by PIM is

expected to be implemented in New England in 2003. Similar to PIM, 1SO-NE would schedule
resources for energy to meet Operating Reserve objectives. Cleared/accepted offers for pool-
scheduled generation in the Day- Ahead and Redl- Time markets would be guaranteed to recover their
as-bid cogts through the receipt of Operating Reserve credits. SMD will dso revise the Ingtaled
Capability (“ICAP’) arrangements for New England by adopting a comprehensive new ICAP regime
based upon the New Y ork ICAP Market.
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The proposed SMD isvery smilar to what is currently operating in New Y ork 1SO but not operates a
hour-ahead schedule model. The Day- Ahead Energy Market will produce financidly binding
schedules. The real-time market will address redl-time differences in available resources, load and
contingencies from the Day Ahead Schedule. Whereas NEPOOL s current Single- settlement system
establishes prices and schedules for five products, the proposed SMD will initidly determine prices

in the Day-Ahead and Redl- Time Markets for only two distinct products. Energy and Regulation.

Participants who successfully schedule purchases, sdles and/or transmission service in the Day-
Ahead Energy Market will face associated obligations settled at the gpplicable Day- Ahead Energy
Prices for the amounts scheduled. Consistent with the PIM design, the SMD will aso permit
Demand Bids, Decrement Bids, and Increment Offers and require Supply Offersfor al available
output of NEPOOL Resources receiving credit for Installed Capacity (“ICAP Resources’). Units not
receiving credit for Installed Capacity in NEPOOL (“nontICAP Resources’) mugt offer al available
energy not offered to another Control Areaor to 1ISO-NE in the Red Time dispaich.

The Redl-Time Energy Market will clear for any differences between the amounts of energy and
ancillary services scheduled Day- Ahead and reflect Real- Time load, Participant re-offers (Day-
Aheed), hourly Sdf-Schedules, sdlf-curtailments, and any changes in generd systemn conditions.

In addition, reserve bids were to be capped at the energy clearing price (ECP) rather than the hourly
clearing price for reserves, and the $1000/MWh energy bid caps were to be extended during periods
of capacity shortage. Because the rule specified that reserve bids were to be capped at the ECP,
reserve caps were to be administered at the five-minute level. This process fosters convergence of
day-ahead prices to their red-time vaues, so that inefficient price differentias will not be dlowed to
persst within aload zone. Smilarly, FTR revenues may be capped if necessary to prevent persistent
differentials between day-ahead and real-time LMPs for the same ddivery and receipt locations
within an hour.

| SO-NE anticipates that Load Serving Entities (LSE) may till desire to manage their pesk load. The
I SO encourages L SEs to develop with their customers peak-shaving programs that are fully
controlled by the LSE. Such programs would not involve the | SO-NE settlement processin any
manner. |n submitting their Demand Bid in the Day- Ahead Market, the L SE can decide either to
incorporate the managed load that they control or to wait for red-time to decide if they wish to
activateit.
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Californial SO

The Cdifornia Independent System Operator (CAISO) is a not-for- profit, public benefit corporation
that is subject to FERC regulation. CdifornialSO serves a population of 34 million. In 2000, the
Cdiforniaeconomy consumed atota of 264 terawatthours of eectric energy with a peak demand of
about 53,000 MW. The 53.2 GW of industry generating capacity in Caifornia (1999) represents 7.7
percent of the 687 GW of utility generating capacity in the U.S. The industry generating capability in
Cdiforniais dominated by natural gas (36.3 percent) and hydroelectric (26.5 percent), while U.S.
capacity relies heavily on cod (40 percent), followed by natura gas (21 percent).

The CdliforniaMD02!" proposed a three-settlement system, indluding the day-ahead market, the
hour-ahead market, the real-time market based on Locationd Margind Pricing (LMP). The new
market design aso includes the Available Capacity (ACAP) Obligations, Firm Tranamisson Rights
(FTRs), Price Cap and Automated Mitigation Plan (AMP), which are amilar to the ISOsin the
Northeastern of the U.S.

CAISO MDO02
(Long Term)
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Day-Ahead Market

The 1SO proposes to use afully accurate mode of the SO transmission grid to adjust generation and
load (and import and export) schedules to mitigate transmission overloads, ensure locd reliability and

17 californiaIndependent System Operator Market Design 2002 Project Comprehensive Market Design
Proposal April 19, 2002
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produce locational margind energy prices a each node of the grid. With this change the ISO will
eiminate the digtinction between zond and loca congestion and will accommodate commercid
energy trading a afew key “trading hubs” Under the proposd, the 1SO would evauate whether
day-ahead schedules include enough ot line resources to meet the next day’ s demand forecast, and if
not, the ISO would be able to commit additiond units.

Hour-Ahead Market

Numerous parties in Cdifornia have expressed a need to move the hour-ahead market closer to rea
time, to enable late energy trades and schedule changes to shape supplies as accurately as possible to
meet demand. The 1SO is congdering a smplified hour ahead market that would perform congestion
management and energy trading, and would close to submissions perhaps as late as 60 minutes before
the start of the operating hour. This change would aso satisfy alongstanding demand by many

parties for a 60-minute dispatch market, since red-time energy bids submitted to the hour- ahead
market could be matched against load bids for the next hour or pre-dispatched by the SO for
imbaance energy.

Real-Time Market

Every ten minutes during each operating hour the 1SO would run a “ security- constrained economic
digpatch” program to determine which resources to dispatch at what operating levels to meet red time
needs. This approach would meet the 1SO’s operating needs most accurately and efficiently by fully
taking into account al transmission congraints, loca reliability needs, and generator operating
congraints, aswell as system imbaance energy needs. This gpproach would produce noda red-time
energy prices, which would be paid to supply resources but could be aggregated to larger geographic
aress for settling imbaance energy purchases by load serving entities.

Ancillary Services Markets

The ISO proposes to perform ancillary service procurement S multaneoudy with day-ahead
congestion management and the energy market, to obtain Operating Reserves and Regulation. The
proposed Comprehensive Design will alow the SO to iminate Replacement Reserves.

Firm Transmission Rights (FTRs)

With the changes to congestion management as proposed above, the 1SO will aso need to change the
design of its FTRs from the current path- pecific variety to a point-to-point design that specifies
explicit generator and load locations without explicit reference to the network pathway's affected.

Price Cap and Automated Mitigation Plan (AMP)

To mitigate againgt excessive market power abuse, the 1 SO proposes a Damage Control Bid Cap
(DCBC) that will limit the maximum bid alowed in the ISO’ s energy and ancillary service capacity
markets. Beginning on October 1, 2002 and until market conditions are competitive enough to

support a higher DCBC, the SO proposes to set the DCBC at two times the estimated variable cost of
agas-fired generating unit with an incrementd heat rate of 20,000, or $250/MWh, whichever is
greater. The 1SO plansto increase the level of the DCBC over time as the structural €lements
necessary to support a competitive market improve and bdievesthat the DCBC could eventudly be
increased to $1,000/MWHh, which isthe bid cap level currently in place in the eastern | SOs.
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Bid Screens and Mitigation

Beginning on October 1, the SO proposes to implement individua resource bid screens and
mitigation procedures in the day-ahead Residua Unit Commitment process and in the red time pre-
dispatch process that occurs 45 minutes prior to the start of the operating hour. This mitigation
element is Smilar to the Automatic Mitigation Procedures (AMP) utilized by the NY 1SO, but would
have more stringent bid and impact threshold levels. The 1SO is recommending that bid reference
levels be based on historical bids for al resources. The SO further proposes a bid threshold equal to
the lower of a 100% increase from aresource’ s reference level or $50/MWh, and a market impact
threshold equal to the lower of a 100% increase or an increase of $50/MWh in the projected red-time
market clearing price. This procedure would apply to al bidders into the markets to which the
procedureis applied. Asthe SO gains experience with the bid screen and mitigation procedures and
if the overal competitiveness of the |SO markets improves, the 1SO will congder raisng the bid and
price impact threshold levels.

Available Capacity (ACAP) Obligations

The main purpose of the ACAP obligation is to enable the SO to verify in advance that adequate
capacity isavailable on adaily basis to meet system load and reserve requirements. Thus, the ISO
believes that the proposed ACAP Obligation is essentid to the 1SO’s core function — that of
providing religble transmisson service. The ACAP Obligation will support rigble sysem
operations by requiring LSES to procure, in aforward-market timeframe, resources sufficient to
satisfy the ISO's peak daily operating requirements. By requiring that such ACAP resources are
made available to the 1SO in the day-ahead market, the ISO can satisfy its objective of moving
operating decisions from red time into the forward market — further supporting stable and rdiable
operations.
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Northeast M ar ket

In 2003, pending the appropriate approvas, the NY 1SO and 1SO-NE will merge to establish
Northeast Regional Transmission Operator (NERTO). The Petitioners expect the NERTO to reach
its full implementation in the 2005/2006 timeframe. The saven-state NERTO region will encompass
gpproximately 110,000 square miles with a population of over 33 million. This areaiincludes two of
the country’ slargest metropolitan areas, New Y ork and Boston. The NERTO will have operationa
authority for the region’s bulk power system, whichincludes 64,000 megawetts of generating
capacity and 18,000 miles of transmission lines. The NERTO will have a number of interconnections
with neighboring control areas (with their gpproximate nomind transfer capabilities): PIM (2,500
MW), Ontario (2,400 MW), Quebec (3,425 MW) and New Brunswick (700 MW). The wholesale
marketsin the 21 NERTO regions will supply dectricity to over 14 million cusomers with a 2001
peak load of over 58,000 MW.

NERTO isdeveloping its SMID in stages. 1SO-NE is currently developing SMD 1.0, and SMD 2.0
will be developed for New York. SMD 2.X will be based on SMD 1.0 and SMD 2.0, including
modifications to incorporate identified best practices. When fully implemented, the NERTO Market
will indude day-ahead and real time energy markets co-optimized with regulation and reserves
markets, LM P-based dispatching and congestion management, a system of FTRS, security-
congtrained unit commitment, noda ex post pricing, and a uniform ICAP market. Both physicd and
“virtud” bids and offerswill be permitted in the NERTO-administered day-ahead energy market.
Participants will be able to engage in bilatera or self-supply transactions as well as participating in
the NERTO Market.

NERTO SMD 2.X Model
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Day Ahead Market

The day-ahead market commits generation to meet forecast demand and reserve requirements, and
establishes day-ahead schedules for each generator. These schedules are financidly binding and may
be satisfied by generating or purchasing the scheduled quantity from the red-time market. The ISO
also runs a Reserve Adequacy Assessment after the day-ahead market. If the purely financia day-
ahead market with virtua bidding fals short of needed reserve, the 1SO can commiit to satisfy the
reserve requirements. This arrangement alows al the freedoms of the day-ahead market to occur

without endangering religbility.

Short-Term Scheduling

Short-term commitment software will be employed to update the day-ahead commitment of resources
continuoudly based on forecast load and energy. This software aso schedules fixed output resources
such as block loaded combustion turbines (resources that cannot receive updated dispatch ingtructions
every 5 minutes) and externa transactions.

Real-Time Market

The NERTO redl-time market will use ared- time scheduling and dispatch process consstent with its
day-ahead security congtrained unit commitment (“ SCUC”) mode. This modd includes ared-time,
security-congtrained scheduling process that ooks ahead three hours and executes at 15- minute
intervals and a dispatch process that |ooks ahead one hour and executes on five- minute intervas. The
SCUC will replace the separate Baancing Market Evauation and Security Constrained Dispatch
mechanisms currently used in New Y ork.

The NERTO will promote robust demand-side response mechaniams, including a day-ahead demand
response program based on the current New Y ork model, to be expanded through the Northeast.
These demand-sde mechanisms will ultimately include the ability for qualified demand resources to
participate in the ancillary services markets.

The NERTO will dso administer an ICAP market based on the unforced capacity design currently
used in New York and PIM, or anew design in line with the FERC SMD NOPR. Under SMD 2.X,
the NERTO will establish locationd requirements for reserves and ICAP. It will dso employ
prospective mitigation measures that will be incorporated into its software to remedy market power
abuses in the day-ahead market and in red-time.



MI1SO Market

The Midwest ISO was formed in 1996 as a voluntary association of electric transmisson owners
in the Midwest. The Midwest 1SO isrespongble for the dectric transmission system spanning 15
states and parts of Canada. On December 20, 2001, the Midwest 1SO became the first FERC-
gpproved RTO in the nation.

In 2003 the M1SO will implement a hybrid LMP approach. The MISO hybrid agpproach will
build upon exigting approaches commonly referred to as Locationd Margina Pricing for red
time balancing, congestion mitigation and settlement, and the flowgate rights (FGRs) concept for
the forward markets. M1SO’s SMD includes a day-ahead energy market, an hour-ahead
scheduling modd, a red-time energy market, adaily capacity market, an ICAP capacity market,
aregulation market and a auction market of financia transmisson rights that are a combination
of point-to-point and flowgeate rights. Both the day-ahead energy market and the redl-time
energy market markets utilize locationad margina pricing that reflects transmisson congraints
and losses.
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Day-Ahead Market

In the day-ahead, market clearing prices are caculated for each hour of the next operating day
based on generation offers, demand bids, and bilatera transaction schedules submitted. Asisthe
case with NY SO, the day-ahead market aso accepts virtua supply offers and virtua demand
bids. The day-ahead scheduling process will accommodate M1SO reliability requirements and
reserve obligations. The resulting day-ahead hourly schedules and day-ahead LM Ps represent
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binding financia commitments to the market participants. Financia transmission rights (FTRs)
are accounted for at the Day-ahead LMP vaues.

The scheduling philosophy in the day-ahead energy market ams to schedule generation to meet
the aggregate demand bids, virtual demand bids and external demand bids that result in the least-
priced generation mix, while maintaining the reliability of the M1SO footprint. MISO will dso
schedule additiond generation in areliability commitment as needed to satisty the MISO load
forecast and maintain operating reserves based on minimizing the cost to procure such reserves.
MISO will aso schedule generation resources based on basic principles of market economics to
control potentid transmission limitations that are binding in the tranamission rdigbility analyss
that is performed in pardld with and subsequent to the day- ahead market andysis.

Real-Time Market

In the red-time energy market, the clearing prices will be caculated every five minutes based on
the actua system operations security-constrained economic dispatch.  Separate accounting
settlements are performed for each market. The day-ahead market settlement is based on
scheduled hourly quantities and on day-ahead hourly prices. In contrast, the red-time settlement
is based on actud hourly (integrated) quantity deviations from day-ahead scheduled quantities
and on real-time prices integrated over the hour. The day-ahead price cdculations and the redl-
time price caculations are based on LMP.
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Nord Pool

Nord Pool ASA, the Nordic Power Exchange, isthe world' sfirst multinationa exchange for
trade in electric power contracts. Nordel is a cooperative body made up of the transmisson
system operators (TSOs) in the Nordic countries (i.e., Denmark, Finland, Iceland, Norway, and
Sweden). The objective of the organization isto “ create the conditions for, and to develop
further, an efficient and harmonized Nordic eectricity market.”

The population of Norway, Sweden, Finland, and Denmark totals about 24 million, which is
about the same size as the PIM service territory (23 million) but sgnificantly less than the
population of Cdifornia (34 million). Y et these four countries consumed about 392 TWh of
electricity in 2000, compared to 262 TWh and 264 TWh in PIM and Cdlifornia, respectively.

Electric power production in Norway is dmost 100% hydropower. Sweden and Finland use
hydropower, nuclear and fossl-fud- powered generation plants. Over 90% of Denmark’s
electricity comes from conventiond therma plants and combined heating and power (CHP)
facilities. The table below shows the generating capacity in the four countries that make up the
Nordic Power Exchange area served by Nord Pool.
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Nord Pool operates the following marketplaces and market services:
A day-ahead spot market for physica contracts (Elspot)
A hour-ahead spot market for physical contracts (Elbas)

A financid derivatives market —futures, forward, and option contracts (Eltermin,
Eloptions)

Clearing sarvices for financid dectricity contracts— Nordic Electricity Clearing House
ASA (NECH)



A red-time market for system operators to balance generation to load at any time during
real-time operations, and to provide a price for participants power imbaances.

Nord Pool Markets

The Nordic market is partitioned into separate bidding areas (Zones) each of which can have
different pricesif the contractua flow between bidding areas exceeds the capacity alocated by
transmission system operators (TSOs) for gpot contracts. Finland and Denmark each are a zone,
with Sweden and Norway having two zones each. If there are no such capacity condraints, the
spot system price is aso the spot price throughout the entire Nordic Power Exchange area.

Within Sweden, Finland, and Denmark, grid congestion is managed by “counter-trade,” based on
bids from generators. Grid congestion that occursin real time is managed by Nordic transmisson
system operators, by caling on bids in the red-time market.

Day-Ahead Market

Nordic market participants trade power contracts for next-day physca delivery at the spot
market; hence the market is referred to as a day-ahead market. Trading is based on an auction
trade system. The spot concept is based on bids for purchase and sale of power contracts of one-
hour duration that cover dl 24 hours of the next day. The market clearing price or system price
for aparticular hour isfirg caculated usng only the bids for purchase and sde that participants
have submitted. To do this, al purchase bids are summed to create ademand curve, and al sales
bids are summed to create a supply curve. The point where the two curvesintersect determines
the system price for that hour.

Hour-Ahead Market

The day-ahead physical market aspects of Elbas dlow its market participants to trade one-hour
gpot contracts after the Nordic Power Exchange' s Elspot market results are published (at noon)
to bids for next-day deliveries. Once Elbas changes are implemented during autumn 2001, the
market will offer hour-ahead trading (down from the current two-hour gap before the closest
delivery hour).

Real-Time Market

Bidsin the red-time market are submitted to a transmission system operator (TSO) after the spot
market has closed. Bids may be posted or changed close to the operationa time, in accordance
with agreed rules. Redl-time market bids are for upward regulation (increased generation or
reduced consumption) and downward regulation (decreased generation or increased
consumption). Both demand-side and supply-side bids are posted, stating prices and volumes.
Resdl-time markets are organized by Transmission System Operators (TSOs); market participants
must be able to commit significant power volumes on short notice. TSOs ligt bids for each hour
in priority order, according to price. TSOs use the priority-ordered lists for each hour to balance
the power system, as needed. To resolve a grid power deficit, upward regulation is gpplied: the
real-time market priceis st a the highest price of the units caled upon from the priority listing.
Smilarly, in agrid power surplus Stuation, downward regulation is gpplied: the lowest price of
the units called upon from the lis sets the red-time price.



The specific rules for determining the hourly price of power imbaances, based on the redl-time
market price, differs among the Nordic TSOs. Neverthdess, an imbaance dways carries the risk
of afinancid loss, compared to baanced trade.

Ancillary Service Market

In Scandinavia, Nord Pool alocates to each member country the required amounts of regulation
and reserves, each of which contracts separately for these services. This practice ensures that
each control area contributesitsfar share to maintain rdiability of the system.



England and Wales

A key feature of the Electricity Act of 1989 was establishment of the Electricity Pool of England
and Wdesin 1990. The pool was the market for eectricity trading in England and Waesfrom

its opening in March 1990 until the New Energy Trading Arrangements (NETA) took effect in
March 2001. A winter-peaking power system, England and Wales demand peaked at 51,012 MW
on January 16, 2001. Total generating capacity in England and Waes in the winter of 2000/2001
was 67,695 MW, which trandates to a reserve margin of 33 percent.

NETA began operation in England and Waes on March 28, 2001. Its extension to Scotland,
cdled the British Electricity Trading and Transmission Arrangements (BETTA), startsin 2004.
Initsfirst year of operation, NETA increased competition and placed consderable pressure on
wholesde prices, which had been kept atificidly high by the arrangements under the Electricity
Pool which NETA replaced.

Bilateral Markets

Under NETA, amog dl eectricity is bought and sold by contracting between willing buyers and
sdlersin over the-counter markets or in power exchanges. A small amount of sales, about two
percent, are made in the Baancing Mechanism, the tool that Nationa Grid Company (NGC) has
as system operator to ensure that supply and demand match on a second-by-second basis.
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3.5-Hour-Ahead Markets

L oad- service entities must declare their positions not less than 3.5 hours before physicd
ddivery. NGC then works to ensure that the "lights stay on" and the system istruly balanced
and secured. NGC purchases long-term options on cagpacity and to purchase balancing services
vialong-term contracts — in each case via open and competitive procedures. A scheme of
performance-based regulation (PBR) system alows NGC to intervene in energy marketsto
acquire reserves and balancing services, and dso implicitly to discipline market participants by
acting as a countervailing power to the monopoly power of some generators. The performance
based regulation under the NETA system rewards NGC for reducing the congestion uplift below
abench mark leve that is negotiated annualy with the regulator and requires NGC to share cost
overruns above that level. This mechanism creates incentives for NGC to optimize its congestion
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management by baancing its expenditures on out of merit redispatch of generators and
investment in transmission expangon and improvements.

NETA is designed to improve opportunities for risk management via private bilateral contracts
(especidly ones of long duration) rather than expanding the use of market-clearing oot pricesin
acentra pool. Long-term contracts could impact new generation companies and increased
investment in new generating plants.

The UK’sNETA presumes that private markets are sufficient for efficient energy trading and
generator salf-scheduling is conducive to system operation efficiency assuming generator can
hedge ther financid risks.

The efficient operations and low pricesin the UK show that highly decentrdized markets for
energy, and saf-scheduling by each market participant to meet its contractud obligations are
functioning.
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Australia National Electricity Market (NEM)

The Nationd Electricity Market (NEM) of Australia commenced operation on 13 December
1998, as part of the process of deregulation of the Australian power industry. The NEM is
currently comprised of five inter connected electrical regions. These bascdly follow Sate
boundaries (currently Queendand, New South Wales, Victoria, South Australia, and the
Audrdian Capitd Territory). Each region contains aregiond reference node, which may be a
magjor load center such asacity, or amagor generation center, such as the power plantsin the
Snowy region. The regiona reference node is where the Regiond Reference Price (RRP), or
regional spot price is s&t.

The Nationa Electricity Market Management Company Limited (NEMMCO) operates a
wholesale market for trading dectricity between generators and electricity retailers. Generation
output is pooled and dl eectricity must be traded through the spot market. NEMMCO calculates
the spot price using the price offers and bids for each haf-hour period during the trading day.

The spot market is set and then settled by a centrally-coordinated dispatch process. Dispatch
ingructions are sent to each generator at five-minute intervas. Prices are caculated for digpatch
intervasin each region. The digpatch prices cdculated during each half-hour period are averaged
to determine the spot price. This pot price is used asthe basis for billing participants within the
NEM for al energy traded. Generators are paid for the electricity they sdll to the pool, and
retailers and wholesale end-users pay for the dectricity they use from the pool.
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Thereis Predispatch Forecasting in NEM market. Predispatch is a short-term forecast of
market activities used to estimate price, dispatch, and demand for the next trading day and
energy flow across the interconnectors. Generators must notify NEMMCO of the volume and
price of eectricity they are able to supply and NEMMCO produces a demand forecast. This
information is then collated to estimate totd regiond capability, thereby enabling NEMMCO to
assess potential supply shortages.



Ancillary sarvicesinclude two parts: Non-mar ket ancillary services are ancillary services
which are not acquired by NEMMCO as part of the spot market but under agreements. The
prices for non-market ancillary services are determined in accordance with the relevant ancillary
sarvices agreements. M ar ket ancillary services are ancillary services which are acquired by
NEMMCO as part of the spot mar ket. The prices for market ancillary services are determined
usng the digpatch agorithm. The new frequency control ancillary service market arrangements
were implemented in September 2001.

NEMMCO aso monitors the future adequacy of generating capacity based on plant availability
information supplied by generators and interconnector availability provided by network service
providers againgt forecast dectricity demand. Because demand for dectricity supply fluctuates,
both week-ahead and two-year forecast projections are made. These projections are called

Proj ected Assessments of System Adequacy (PASA). PASA projections assist generator
operators to plan maintenance and NEMMCO to schedule dectricity production. Each year
NEMMCO dso publishes a Statement of Opportunities (SOO) which predicts market trends for
the following ten years.

State Governments have traditionally regulated interconnector assets. However, under the NEM,
regulation of interconnector assetsis progressively being handed to the Australian Competition
and Consumer Commission (ACCC). Regulated interconnectors and transmission networksin
generd receive afixed rate of return that takes into account the value of their asset base. The
amount of thisreturn is determined by the ACCC and reviewed every three to five years.
Unregulated or entrepreneuriad interconnectors (or merchant links), however, rely on trading (the
arbitrage between the RRP s of the two interconnected regions) in the wholesale market to derive
their revenue. Unlike regulated interconnectors, they may aso enter into financial contracts
(which are not part of the wholesale market arrangements).

The difference between the price of energy generated in one region and the price of that energy
once it has been tranamitted to another is called the I nter-Regional Settlement Residue (IRSR).
The Settlement Residue Auctions (SRA's) are intended to improve the efficiency of the NEM by
promoting inter-regiond trade. Only registered generators, market customers and traders are able
to participate in the SRA.

A price cap is st under the Code and is the price automaticdly triggered when NEMMCO
directs network service providers(NSPs) to interrupt customer supply in order to regain supply
—demand balance. In this Situation the spot price isreferred to asthe "Vaue of the Lost Load”
(VoLL). On or before 31 March 2002, the cap is $5,000/MWh; and on and from 1 April 2002, it
is $10,000/MWh, subject to an annua review by the Reliability Panel. The market floor priceis
aprice floor which isto be gpplied to dispatch prices. The vaue of the market floor priceis $-
1,000/MWh.

The demand-side participation code changes have attempted to improve the attractiveness of
registering as a scheduled load by increasing the flexibility.
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New Zealand Wholesale Electricity Market (NZEM)

More than 60% of New Zedland’ s generation capacity is hydro based, using river flow systems
and water stored in natural or man-made lakes. Thermal generation (powered by gas or codl)
makes up most of New Zedand' s remaining generation capacity, with the rest in wind farms,
geotherma energy and cogeneration plants.

Real-Time Market

Redl-time digpatch went into production on July 1, 2001, after atrid phase that began in
February 2001. Rule changes in preparation for red-time digpatch have done the following:

Allowed automated electronic dispatch to become the main means of providing dispatch
indructions— conddered a necessity as the volume of dispatch instructions under red-time
dispatch requires al processesto be automated

Separated the production of the real-time digpatch schedule from the dispatch process
Required the dispatcher to produce and publish this schedule as a service to the market.
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*Canceled Day-ahead Market

Transpower provides pre-dispatch schedules every two hours. This establishes a detailed day-
ahead generation digpatch schedule that will fulfill the forecasted demand. The schedules are
developed from market participant load bids, generation offers, non- NZEM -member load
forecasts and generation profiles. Thisinformation is overlaid with the grid operator’s
information on transmission status that will optimize digpatch in order to minimize congestion. A
pre-dipatch scheduleis produced at least once every two hours. Once it is published,
participants can review forecast prices and revise their bids and offers up to two hours before
dispatch.

As adigpatcher, Transpower is responsible for the real-time co-ordination of eectricity

transmisson and ensures that red-time demand and generation are matched. Providing both
dispatch and scheduling services, Transpower must account for generators and retailersthat are
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not part of NZEM, but need to transport electricity across the national grid. The Dispatcher then
sends generation ingtructions. The dispatcher gives market participants instructions to ensure that
demand, security and schedule requirements are met. Ingtructions are also issued to meet reserve
and reactive power requirements. Once the final dispatch is established, any deviation in the
dispatch schedule is documented to maintain the process s transparency and integrity.

Through NZEM aprice is established for each of 48 haf-hour trading periods every day, a 244
connection ‘nodes on the nationd grid. The price a each of these nodes is set according to the
cost of providing the dectricity, which incorporates locationd variations and the cost of
providing reserve. These locationa variations can happen because of transmisson system
outages, transmission losses and capacity congraints.

Between 70% and 80% of New Zealand' s dectricity is bought and sold through NZEM.
Generators offer ectricity into the marketplace and retailers then buy eectricity from NZEM to
supply their needs. Alternatively, generators and retailers or mgjor users can enter into physica
bilaterd agreements outside the market.
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Ontario Independent Electricity Market Operator (IMO)

The Ontario IMO (The Independent Electricity Market Operator) isanon profit corporate entity
that adminigters Ontario's wholesde dectricity markets and manage the reliahility of the high-
voltage power system with the norma summer peak demand of about 22,500 MW (25,269 MW
in 2001), 30,000 megawaetts of generating capacity, and 29,000 kilometers of high-voltage
transmisson lines. The IMO' s generating plants include amix of nuclear, hydrodectric, cod, ail
and natura gas-fired stations.

The Ontario market mode currently is smilar to ERCOT model. Ontario IMO has no day-ahead
market and does not use locationd margind Pricing (LMP). The Ontario IMO mainly rdieson
bilateral contracts directly between market participants. The IMO opened its wholesale market
in May 2001. It plansto operate a day-ahead financial market, an hour-ahead predispatch mode,
and a real-time market. The energy forward market will be anortlocationa day-ahead market
for energy ddivered within Ontario, unlike the locationd day-ahead markets previoudy

described for the NY1SO and 1SO-NE. The IMO will auction financid Transmisson Rights
(“FTRS") to hedge the congestion charge between Ontario and each externa zone. IMO isaso
congdering additional markets such as a capacity reserve market.

Ontario IMO Modél
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Day-Ahead Energy Forward Market

The IMO will operate asingle day-ahead Energy Forward Market based on one-part bidding.
The day-ahead Energy Forward Market is purely afinanciad market and can be used to provide a
settlement hedge for red-time transactions but is not used to physicaly schedule the operation of
the Ontario transmisson system, or to determine schedules for Ontario’s externd interties.
Generation offersto sdll into the day-ahead forward market will consst of an upward doping
one-part bid curve for incremental energy. Conversdly, load bids to purchase from the market
will consgst of adownward doping one-part bid curve. Offersto sdl and bidsto buy in the
energy forward market will clear at auniform Forward Market Clearing Price for Ontario for
each hour of the digpatch day. The forward market clearing price will be determined by stacking
the hourly supply offers and the demand bids and identifying the point of intersection of the
resulting supply and demand curves,
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Pre-Dispatch

Starting at 12:00 p.m. on the day before each dispatch day, and up to one hour before redl time,
the IMO will run a pre-scheduling program based on the bids and offers that it has received. The
program is used to provide market information by way of hourly updates, which include
expected hourly schedules and prices to al market participants.

The pre-digpatch program is primarily aforecasting tool that provides the IMO and market
participants with advance information and projections necessary to plan the physical operation of
the eectricity system. If the predispatch schedules indicate that the IMO needs more energy or
operating reserves to maintain the reliability of the grid, it may request the submission of
additional bids and offers from resources that can be made available within the time required.

Real-Time Market

Ontario’ s real-time market will be based on offers and bids for incremental energy. Every five
minutes the IMO will dispatch generators and loads based on their bids and offers and will
determine a single uncongtrained Market Clearing Price (“MCP’) for Ontario. With afew
exceptions, the five-minute MCP and dispatch quantities will be usad for five-minute settlements
with generators and loads. External schedules will be determined from an hour-ahead pre-
dispatch program. They will be settled at the five-minute MCP, adjusted for an hourly congestion
charge between Ontario and the externd zone that is calculated in the hour-ahead pre-dispatch.
Supply offers and demand bids into the Ontario red-time market can be modified without
regtriction until four hours before the rea- time dispatch. Four hours before the dispatch, the
IMO will impose a 10% limit on the magnitude of further price and/or quantity changes. Bids
will become firm two hours before red time, dthough changes may be made if approved by the
IMO.

Ancillary Services Market

In addition to energy, there are real-time markets for three types of operating reserves: ten
minute synchronized reserves, ten-minute non-synchronized reserves and 30- minute reserves.
The IMO dso entersinto Rdiagbility Must- Run Contracts with specific resources that are
required to be available, or to be digpatched out-of- merit, to addressloca areatransmisson
congraints or voltage requirements.

Congestion Management

The IMO will sl financid Transmission Rights (“FTRS’) to hedge the congestion charge
between Ontario and each externa zone. The hour-ahead pre-dispatch process determines an
hourly Intertie Congestion Price (“ICP”) that the IMO will use to settle externd transactions for
that hour. The ICP for an intertie is the externa zone price a the intertie point minus the Ontario
uniform price in the hour-ahead prescheduling program._In Ontario, generators and |oads and
possibly boundary entities that are constrained-on or constrained-off will be paid a Congestion
Management Settlement Credit (CMSC) that will be funded by uplift.

Price Cap

There are no price or bid caps in the Ontario market at thistime, athough the market rules sate
that the IMO Board may set amaximum price for energy and operating reserves. Market power
mitigation plans for Ontario Power Generation limit the revenue that it can earn on 90% of its
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forecast domestic sdes, but do not cap itsbids. Thereisalimit to the profits that Ontario Power
Generation can earn through power saesin Ontario.



Alberta Canada

The eectric market in Albertawas deregulated in 2001. The Alberta market uses a zond
congestion modd . Power generation is sold through the Power Pool of Alberta s spot market,
Power Purchase Arrangements (PPA) bilateral contracts, and forwards contracts. Alberta has
11,590 MW of installed generation capacity to supply apeak demand of 7,934 MW. Cod fired
and natura gas generation plants account for about 80% of Albertas ingtaled capacity with the
remaining mostly hydro and about 1% iswind power and biomass. An additiond 750 MW of
generation capacity will be brought on line by the end of 2002.

The Power Pool of Alberta co-ordinates and monitors al aspects of Alberta s dectricity market:
real-time power sdes, PPA, imports and exports with in the province. Since dl energy is
dispatch through the pool and has the respongbility to provide redl-time control in order to
operate the system safely, reliably, and economicaly as well as coordinate the operation of the
interconnected provincid power grid with neighboring jurisdictions. Generation holder or PPA
holders make offers to the Power Pool of Alberta The spot priceis based on the weighted
average of the highest price paid for energy required to balance the supply and demand for the
hour. Energy prices have been dropping since the market has opened. The market has a $1,000
/MWh bid cap.
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Financial Market

Forwards are traded on the Watt Exchange, which is a futures market that trades electric power
financid contracts for 1 month, 3 month and 1 year out.

Day-Ahead Schedule model

The Pool dispatches the required generation, import offers and demand bids to serve the actua
system demand and exports. Companies that generate or PPA holders place offers to supply
hourly blocks of energy at specific prices. Offers are submitted for a seven-day period and offer
prices, for the first trading day, can't be changed. Electricity purchasers place bids to buy blocks
of energy at specific prices. Bids, like offers, are placed for each hour of the next day and for the
following Six trading days with prices fixed for the next day.
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For next day schedule, market participants must supply a unit specific schedule by 16:00 the day
ahead. Shortly after unit specific schedule is submitted a preiminary market clearing price for
energy isposted. Bids submit margina prices on an hourly basis.  Bids and schedules may be
adjusted before real-time to represent the actud dtate of available resources. The Pool ranks
offers and bids from least expensive to most expensive, and publishes a schedule for the next
trading day.

Real-Time Market

In the real-time spot market, generation or PPA holders make offers to the Power Pool of
Alberta. Bdancing energy deployment is kept to aminimum without impacting system

reliability. The spot price is based on the weighted average of the highest price paid for energy
required to balance the supply and demand for the hour. All power producers receive the hourly
Pool Price for power generated and all purchasers pay the Pool Price for power received. Thisis
the MCPE that is published for the hour. The market has a $1000 /MWh bid cap.

Ancillary Market

System services which include reserve requirements, both spinning and non-spinning (power-
up), and interruptible load services to the Power Pool are competitively obtained by the
Transmisson Adminigtretor.

Congestion Management

At the present time, the TA uses bilateral contracts to procure Transmisson Must Run servicesin
the more isolated NW part of Alberta. The Alberta market has Invitation Offer to Bid Credit
(10BC) and Location Based Credits Standing Offer (LBS_SO) incentives to courage generation
development in zones that would reduce congestion. Recently, the Alberta Energy & Utilities
Board held a hearing over the future of congestion management in Alberta. No find decison

has been made.



ERCOT Market

The Electric Reliahility Council of Texas (ERCOT) isasingle control area based upon the zond
mode that uses both portfolio and unit specific dispatch indtructions to resolve loca congestion.
ERCOT conducts aresdua energy market for Balancing Energy Service (3 % - 5% of tota
demand) and ensuresthe reliability of Texas eectric grid. On November 1, 2002, ERCOT is
expected to implement “Relaxed Baanced Schedules” This market change is expected to
increase the percentage of Balancing Energy Service used to meet market energy needs. ERCOT
isaMin-1S0O, amilar to that in the UK, which uses digpatch only in redl-time operations for

ba ancing and congestion management rather than a Max-1S0, with full control of unit dispatch
and afull unit commitment.

ERCOT has operated day-ahead ancillary service markets and the red-time baancing energy
market snce July 31, 2001. ERCOT began monthly and annua Transmission Congestion Rights
(TCRs) auction market in February of 2002. In addition, in compliance with arule issued by the
Public Utility Commisson of Texas, monthly and annua generation capacity auctions have been
conducted by certain incumbent utilities. ERCOT day-ahead ancillary servicesindude
regulation up, regulation down, responsive (Spinning) reserves, and Non-Spinning reserves..
ERCOT operates under a zond modd and employs two steps to implement security-constrained
digpatch. Inthefirst step, ERCOT clears the predefined commercidly-sgnificant-congraint
(CSC) congestion, dispatches zond baancing energy, and determines the market clearing price
for Baancing Energy Service for each congestion zone. In the second step, ERCOT uses
resource specific premiums and unit specific indructionsto clear locad condraints.
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TCR Loads Acting Capacity \  Capacity i
Auction As Resources Auction i Adequacy !
Day-ahead :
SCiyedm e& |- 4| Congestion $1000/MWh
A/S Market Generic Costs
¥ e
1! \ N
v\/l/ :a :
| 1
Real-time — MS;E;;ECR P
Balancing Market Digpatch

Bilateral Contracts

The bilaterd market represents the bulk of delivered energy in Texas. Prices are based on mutua
agreement or long-term contract between the parties, and are not known by ERCOT. These
agreements are incorporated into base energy schedules which are submitted to ERCOT on a



daily basis. These schedules account for about 95-97 percent of the end- user dectric energy
requirementsin ERCOT.

Day-Ahead Ancillary Service Market

ERCOT day-ahead ancillary servicesinclude regulation up, regulation down, responsive
(spinning) reserves, and nonspinning reserve services. Market participants can sdlf-provide
their ancillary service requirements or allow ERCOT to procure these services on their behalf.
The market system is designed to seek the lowest-cost solution to maintaining system reiability
consigtent with ERCOT protocols. ERCOT procures the ancillary services not sdf-arranged by
the Qudified Schedule Entities (QSES) through bids and the market clearing process, which
resultsin the Market Clearing Price of Capacity (MCPC). The day-ahead market operates from
6:00 am to 6:00 pm on the day prior to the operating day.

Day-Ahead Schedule

ERCOT requires QSEs to submit the schedules for their bilateral contracts, conducts the
security-congrained analys's, and publishes system congestion information.  ERCOT conducts a
capacity analysis on a Day- Ahead basis which forms the basis for the procurement of
Replacement Capacity in Day-Ahead. After the close of the Day-Ahead period, the Adjustment
Period begins. QSEs can adjust their schedules and bids throughout the Adjustment Period. The
Adjustment Period ends when the Operating Period begins. The Operating Period is comprised
of the Operating Hour and the hour preceding the Operating Hour. Based onits andys's of
schedule changes, Resource Plans, load forecasts, and other system conditions, ERCOT may
procure additiona ancillary services during the Adjustment Period by announcing the need to
procure additiona Services and opening subsequent markets.

Operating Period

ERCOT recaives incrementa and decrementa Resource Premiums for the red-time balancing
energy services (used to solve local congestion) as part of the Day-Ahead Resource Plan
submissons. During the Operating Period, ERCOT evduates the availability of Baancing
Energy Service. If more than 95% of the available Baancing Energy has been deployed in a
zone, ERCOT deploys Non-Spin. ERCOT procures Balancing Energy Service for each 15
minute interva. If required, ERCOT will use Resource- pecific energy bidsto resolve loca
(intra-zonal as opposed to inter-zona) congestion, procure out of merit energy to resolve loca
congestion or for voltage support, or procure non-spinning reserves when extreme wegther or
systemn conditions require increased capacity to be online,

Real-Time Market

The Redl- Time balancing energy market clearing occurs 20 minutes prior to the operating
interva, by which point the right amount can be predicted using short-term forecasting tools. The
bid stack for balancing energy is fixed for the entire hour but the energy market clearing priceis
adjusted every 15 minutes and is posted 15-20 minutes before the start of the operating interval.
Bdancing energy makes up the difference between the totdl ERCOT eectricity requirements and
the sum of the base energy schedules. It may aso be used to manage transmission congestion
(see more below on congestion management). The market process accepts bids in ascending



order of price until the total quantity required is obtained. The bid price of the last quantity
accepted for Baancing Energy Service sets the Market Clearing Price of Energy (MCPE) for that
15-minute intervd.

Capacity Adequacy

ERCOT currently has no forma capacity market comparable to an ICAP market. The
Commission is developing a generation adequacy rule which likely will use a mechanism that
differs from ICAP markets known in the U.S. ERCOT utilities have traditionaly sought to

maintain a planning reserve margin of 15 percent. However, in mid-2002, the ERCOT Board
approved a 12.5 percent reserve margin requirement. Comparatively high reserve margins are
necessary because the system cannot rely on imports, due to itsisolation from surrounding
Interconnections. In 2000 and 2001, the reserve margins at peak were 14 percent and 21 percent,
respectively. From 1995 to January 2001, 22 new generating plants, totaling more than 7,600
MW, were built in the ERCOT region. This represents 10.9 percent of total generating capacity;
during this same period, peak demand grew by 24.5 percent. An additiona 22 plants, totaling
11,850 MW, are under construction and scheduled for completion by June 2003. Combined cycle
plants and wind turbines have been the capacity additions of choice. In Fal 2002, Centerpoint

and Reliant have announced that a number of plants would be retired or taken off line.

Congestion Management and Transmission Congestion Right (TCR)

ERCOT usesazona commercid model and two steps to solve zona and local congestionin
conjunction with a security-constrained dispatch. In the first step, ERCOT clears the predefined
commercidly-sgnificant- congraints (CSC) congestion, digpatches zona baancing energy, and
determines the market clearing price for each congestion zone. The Baancing Energy Service
offers are procured by ERCOT in each zone for zond load baancing and for inter-zona
congestion rdlief. The market-clearing price for energy (MCPE) is determined in each zone
based on the zond offer curves for balancing energy. If there is no interzond congestion, the
MCPE is the same for the entire ERCOT region. In the second step, ERCOT uses Resource
gpecific premiumsto clear loca congtraints and to issue Resource specific ingtructionsto relieve
local (operationa) congestion. Generators submit resource- specific premiums that specify the
additiond payments (in addition to the zond MCPE) that they require for the deployment of INC
or DEC bdancing energy from the associated, specific, resource.

Transmisson congestion rights (TCR) were implemented in ERCOT adong with the
implementation of direct assgnment of interzona congestion charges in February of 2002.
ERCOT initidly adopted a smple flow-basad transmission right approach and flow-based
congestion charges. ERCOT is moving toward a combinatorid auction for TCRs. Congestion
charges are imposed on QSEs based on the flow that their scheduled interzona transactions
induce on the three commercidly sgnificant constrained corridors. ERCOT runs annua- and
monthly- TCR auctions.
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Competitive Solution Method (CSM) *8

The Commisson is currently evauating CSM. The CSM is desgned to intervene in the market
only if abidder actudly usesits market power positionto drive up the MCPC. To detect
potential anticompetitive conditions, the CSM tests (@) that the total MW offered in the bid stack
isat least 115% of the capacity ERCOT needs to procure for thet interva, and (b) that a pivota
bidder does not set the MCPC. A bidder ispivotd if removing al of its capacity leavesthe
remaining bid stack short of what ERCOT needs for that market interva. The MCP limit is
cdculated by removing al pivota bidders from the bid stack after extension of the market,
subtracting the most expensive 5% of the remaining capacity, and multiplying the highest
resulting offer price by 1.5.

If dl bidders are pivota (in which case an MCP limit could not be cadculated), ERCOT would
pay bidders on an out-of-merit (OOM) bassusing verifidble costs. All bidders are pivota when
ERCOT procures dl, or nearly dl, of the bid stack.

Retail Competition

Most restructuring paradigmsin the United States (and around the world) focus on the wholesdle
market, anticipating that retail competition will follow. Unfortunately, these expectations often

are not fulfilled. By contrast, the ERCOT market restructuring focused from the start on retail
competition and charged the 1SO with facilitating such competition through centrad management
of customer switching. The pilot market that opened in July 2001 alowed 5 percent of the load
to be switched to competitive retailers. As of January 2002, al retail customersin Texas are
eigible to switch their retail suppliers.

18 Application of Competitive Solution Method to Data from ERCOT Ancillary Capacity Services Market
Oversight Division Staff Report David Hurlbut, Ph.D. Julie Gauldin, M.Sc.



Appendix

Table2
Summary of Market Design

Day- Hour- Real- ISO-Run Bilateral &
Bilateral Ahead | Ahead Time Futures Self- Price Retail
Market Market Market |Schedule | Market | Exchange | Scheduled | LMP | ICAP® | FTR | Cap |AMP | LAAR | Competition
NORD Market 71% 0% CfD
POOL
New <25% o+
Zealand
Australia Financial |Schedule SRA
Hedge
Existing -
Market England Private 98%
Design PIM 64%
NYISO 50%
NEISO 40%
Ontario Financial Profit
limit
Alberta Schedule
ERCOT Schedule 97% TCR TBD
FERC SMD
Proposed [ NERTO
Mar_ket MTSO
Design i i
California Market

19 Capacity reserve margin requirements other than ICAP are being considered at FERC and at the PUCT.

20 Under consideration

21 Under consideration
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